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In a National Eye Institute press release1 issued on May 5, 2013,
with simultaneous online publication in JAMA,2 the results
from the second phase of the Age-Related Eye Disease Study
2 (AREDS2) were announced.
This press release was titled
“NIH study provides clarity
Related article
on supplements for protection against blinding eye disease,” and indeed in its first paragraph, the primary outcome was clearly stated: “The plantderived antioxidants lutein and zeaxanthin also had no overall
effect on [age-related macular degeneration (AMD)] when
added to the combination; however, they were safer than the
related antioxidant beta-carotene.” This study provided us with
a striking example of a major clinical trial in which the primary outcome was negative, but yet its broader findings
prompted substantial changes in the formulation of so-called
eye vitamins that constitute a major market presence and are
likely recommended by most eye care practitioners for a patient they determine to be at risk for developing neovascular
AMD. The ability of companies to market their eye vitamins
as providing an exact match to the AREDS2 formula is evidently important because we encounter such statements in
venues ranging from our professional journals to television
commercials. While some might say that the train has long since
left the station, the purpose of this editorial is to critically evaluate the evidence underlying formulation changes that are under way or have already taken place.
In this issue’s article,3 the AREDS2 investigators provided
us with a detailed look at additional analyses that led them to
support adding lutein and zeaxanthin to, and deleting beta
carotene from, the previously recommended oral formulation for eye health, termed the AREDS formula. Like the analyses presented in their initial report, some of these analyses were
termed exploratory in nature and relied on results from inspecting subgroups that were not prespecified and thus were
post hoc in nature. Subgroup analyses have been viewed as a
2-edged sword by Wittes,4 who wrote: “If reporting on subgroups is tempting but treacherous, failing to report on them
seems unscientific and incurious.” As Fleming and Watelet5
pointed out, the results of such analyses should usually be
viewed as hypothesis generating rather than definitive in nature. They advised that definitive conclusions from such analyses occur only in rare situations: when very strong associations are found that are biologically plausible and supported
by results from other sources. Even so, claims of treatment efficacy that result from such findings are not uncommon. The
subgroup analysis finding from the Steroids for Corneal Uljamaophthalmology.com

cers Trial that corticosteroids may be beneficial for treatment
of bacterial keratitis when baseline visual acuity is count fingers or worse, or when the ulcer was completely centrally located, was advised to be viewed with caution in a letter to the
editor.6 In their reply, the trial’s investigators fully agreed that
their findings, while based on prespecified subgroup analyses, should be subject to further confirmation.7 When pivotal
phase 3 trials of proposed treatments yield negative or equivocal results, a commonly encountered directive from the sponsor is to revisit the data in an attempt to identify subgroups
that show efficacy; thus the derogatory term data dredging and
the humorous, but sometimes real, claim that if you torture
your data long enough, they will confess.
A critical look at the evidence from AREDS2 for an efficacious
effect of lutein/zeaxanthin supplementation starts with the authors’ JAMA article,2 in which a prespecified comparison of those
receiving lutein/zeaxanthin vs those who did not receive lutein/
zeaxanthin revealed a 10% reduction in the risk for progression
to late AMD. A second prespecified analysis showed that those
in the lowest quintile of dietary intake of lutein/zeaxanthin who
received lutein/zeaxanthin along with the original AREDS formulation had a 26% reduced risk for progression to late AMD relative to participants receiving the original AREDS formulation
without lutein/zeaxanthin. Finally, an exploratory look at the
group given lutein/zeaxanthin in its supplement showed an 11%
reduced risk for developing neovascular AMD vs those who received only beta carotene in their supplement.
The further analyses presented herein include an exploratory analysis of the 1114 participants who received lutein/
zeaxanthin added to an AREDS formulation without beta carotene vs the 1117 participants who received only beta carotene
in the AREDS formulation. This revealed that those receiving
lutein/zeaxanthin without beta carotene supplement had an 18%
reduction in the risk for late AMD and a 22% reduction in the
risk for neovascular AMD (both which met the P < .05 criterion), as well as a 6% reduction in the risk for geographic AMD
(which yielded a P value of .67). A prespecified analysis of progression on the AREDS severity scale for AMD8 did not reveal a
beneficial effect of lutein/zeaxanthin supplementation (with or
without beta carotene) on reducing the risk for a 2 or more step
progression. However, in an exploratory look at the subset who
only received lutein/zeaxanthin (without beta carotene) vs the
subset who received only beta carotene, lutein/zeaxanthin
supplementation reduced the risk for a 2 or more step progression by 13%. The results were compelling for the subset of 1748
subjects who had bilateral large drusen and were evaluated for
progression to neovascular AMD, which developed in 11.5% (99
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of 862) of those who received lutein/zeaxanthin with a beta carotene–free version of the AREDS formulation and in 17.2% (152
of 886) of those who received the AREDS formulation with beta
carotene but no lutein/zeaxanthin. This direct comparison
yielded a risk reduction of 35%.
From a safety perspective, the authors concluded that removing beta carotene from the original AREDS formulation
seems warranted. They based this on previous reports of increased lung cancer risk among cigarette smokers who took
beta carotene in supplements to their diet,9,10 as well as on more
frequent incident lung cancer in AREDS participants who were
assigned beta carotene. Nonsmokers who were randomized to
receive beta carotene developed more lung cancer than those
in the no–beta carotene group (2% [23] vs 0.9% [11]; nominal
P = .04).2 Of the 34 who developed lung cancer, 31 (91%) were
ex-smokers. In addition, the National Cancer Institute has
judged that the evidence base is solid for an increased lung cancer incidence and mortality among high-intensity smokers who
take pharmacologic doses of beta carotene.11 Such concerns,
along with the fact that smokers and ex-smokers are prevalent in older populations who might benefit from taking the
AREDS-type formulation, suggest that removing beta carotene from over-the-counter supplements is advised.
The authors concluded in their JAMA article that lutein/
zeaxanthin “could be an appropriate carotenoid substitute in
the AREDS formulation.”2 They now concluded that “the totality of evidence on beneficial and adverse effects from
AREDS2 and other studies suggests that lutein/zeaxanthin
could be more appropriate than beta carotene in the AREDStype supplements.”3 Is the addition of the AREDS2 evidence
to that previously reported sufficient to support this conclusion? If this were a clinical guideline, one might turn to the
GRADE system to rate the quality and strength of the
evidence.12 Given that this evidence is based on subgroup
analyses from a clinical trial within a highly educated and wellnourished population, the quality could plausibly be rated as
moderate in nature—wherein further research is likely to have
an important impact on our confidence in the estimate of effect and may change the estimate. And so, the conclusions the
authors made contain phrases such as “could be an appropriate carotenoid” and “suggests that lutein/zeaxanthin could be
more appropriate than beta carotene” to include in AREDStype supplements. This cautious wording lends about as much
strength as can legitimately be applied to the evidence at hand.
The Hill criteria for causation could also be applied.13 A temporal relationship is supported by the findings—exposure to lutein/zeaxanthin did precede measurement of progression to neovascular AMD. The strength of the association, as measured by
the hazard ratios and their statistical significance, is not indicative of a very strong effect, but rather a moderate effect. A doseresponse relationship remains to be evaluated because only 1
dose of lutein/zeaxanthin was used. The consistency of the impact that lutein/zeaxanthin supplementation may have on re-
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ducing progression to neovascular AMD can only be assessed
in a limited manner. Several observational studies14-17 support
a possible role for lutein/zeaxanthin supplementation in reducing the risk for developing neovascular AMD, as do the current
study’s results. And then there are the related concepts of plausibility and coherence. Including lutein/zeaxanthin in the
AREDS2 formulation has some biological rationale. Lutein and
zeaxanthin are the primary constituents of pigments in the
macula and are present in surrounding retinal tissue. They may
serve to prevent tissue damage from products of oxidation
and/or to shield the macula from harmful wavelengths of light.
While based mostly on exploratory analyses of subsets, the
evidence from AREDS2 presents a consistent picture of a beneficial effect for reducing the risk for the neovascular form of
advanced AMD and serves to enhance a small body of other
supportive evidence for why lutein/zeaxanthin would reduce the risk for progression to neovascular AMD. However,
many questions remain unanswered. The clinician who advises patients regarding taking dietary supplements for preventing progression of AMD must recognize that neither AREDS
nor AREDS2 results provide support for these supplements having a beneficial impact on the risk for developing geographic
atrophy nor on reducing the risk for developing large drusen
in an individual who presents with lesser signs of macular degeneration. Also, clinicians must weigh the potential improved safety of lutein/zeaxanthin over beta carotene with
the lack of long-term information on the safety of lutein/
zeaxanthin supplementation. Are there subtle but undue safety
concerns related to lutein/zeaxanthin supplementation? The
best advice is caveat emptor (“let the buyer beware”) and primum non nocere (“first, do no harm”). Unlike drugs, the manufacturer is responsible for ensuring that its dietary supplement products are safe before they are marketed because
dietary supplements fall under the Dietary Supplement Health
and Education Act of 1994 and do not need approval from the
Food and Drug Administration before they are marketed unless the manufacturer or distributor (not the Food and Drug
Administration) determines a dietary ingredient is new. Are lutein and zeaxanthin the optimal carotenoids for use in supplementation? Are the doses of lutein (10 mg) and zeaxanthin (2
mg) used in AREDS2 optimal for producing the most beneficial effect? Will the reduction in the risk for progression to neovascular AMD reported in AREDS2 participants prove true in
general use?
Such questions cannot be answered by AREDS2. In the absence of evidence from follow-up studies to AREDS2, the onus
is placed on informed clinicians to educate patients about the
knowns and unknowns of available information on the safety
and efficacy of AREDS-type supplements. The AREDS2 results certainly warrant our attention, but perhaps most importantly point out that even in this era of evidence-based
medicine, there remains an important need for clinicians to
provide sound and balanced counsel to their patients.
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